Introduction
Solenoid magnetic field has been widely used in many HEP experiments. It features uniform field in the axial direction, while the flux return is assured, in most cases, by an external iron yoke. The momentum analysis of charged particles is performed by measurement of particles trajectories inside the solenoid and the momentum resolution is proportional to p/(BR 2 ), where p= mv is the particle momentum, B is the magnetic induction and R is the solenoid radius. Therefore strong field and large radius are an efficient approach to reach optimal momentum resolution.
Large super-conducting solenoids for HEP detectors
The following table gives the values of B, R and E/M for some large solenoids built in the last twenty years for HEP detectors. The ratio E/M is of particular interest; it represents the magnetic energy stored in the solenoid for unit of mass and can be assumed as "quality factor" for this kind of super-conducting solenoids. We can see that CMS solenoid [1] has a design value that is more than twice the average of previous magnets. 
The choice of CMS cable
The unique CMS coil design asks the winding pack to hold a hoop stress up to 130 Mpa. This is possible only having a self-supporting pack, made by a few layers of super-conducting cable reinforced by high-strength aluminum alloy blocks, bounded to the pure aluminum stabilized insert by using electron beam welding [2] (hybrid cable configuration). Moreover the coil length imposed a modular design. The coil is built in five modules and assembled on CERN site to have the final solenoid [3] . The choice of a stiff conductor and a modular design implies that: 1. Coil modules have tight geometrical tolerance to be coupled together. 2. A new winding line had to be developed, to cope with the conductor stiffness. 3. A lot of electrical joints are present in the winding pack. 4. Impregnation of coil modules requires about 1000 liters of resin and two weeks time.
Fabrication methods and tools for a mini-series production have been set-up and an extensive Quality Control Plan enforced.
Outer mandrels
Coil modules are coupled via thick seamless rings forged in Debiermont (FRA) from a single aluminum ingot. Three calendered aluminum plates (AW 5083) are welded longitudinally with MIG technique and later the two rings are welded to the extremities with the same methods. Radiographic and ultrasound controls are done at different stages of the welding activity. The mandrel is then machined to its nominal dimensions.
The winding line
The CMS coil winding line [4] is certainly the most challenging complex developed to build a superconducting solenoid. The cable is taken from a spool, straightened and cleaned on a bath, then it enters the calendering system that consists of a two-stage bending unit with feedback control and conductor keystoning reducer. Following the calendering unit, the conductor is sandblasted and wrapped with the insulating tape. Then it is transferred to the winding pack and pushed to the mandrel or to the previous wound layer. The transferring unit must have a high reliability, even in case of electrical power failure, to avoid spring back effect of the winding pack. 
Resin impregnation
Coil module impregnation is a critical process. Over 1000 liters of resin have to flow through the winding pack, penetrating all the voids within the insulation. It is the most risky operation, as no back-up is possible. Impregnation starts when the coil module is degased into a vacuum chamber at 100 degree C for four days. Then the temperature is reduced to 70 degree C and the resin is injected from the bottom of the winding pack. Once the resin has reached the top of the module, it is gelified at 100 degree C and then cured at 135 degree C. This last operation affects also the mechanical properties of the conductor reinforcement, that improves its yield strength. Coil module assembly Once the coil module is impregnated, electrical joints of the cable insert are performed via MIG welds on a length not less than 1.5 m. This welding technique has been validated to protect the Rutherford cable of the insert from temperature peaks and to assure the lowest possible resistivity of the joint (a value of 1 nΩ /m at 4 K and 2 T has been measured). Once the five modules are assembled together, other electrical and cryogenic joints are performed. At the end, the coil is a single piece, 12.5 m tall, ready to be swivelled and integrated onto its huge vacuum tank.
Conclusions
The self-supporting cable developed for the CMS solenoid has required a new design of the winding line that has led to a long pre-industrialization activity. The coil itself has been designed to be built in modules and the manufacturing process approaches, to some extents, a small series production. This choice allows companies involved in the coil construction, to apply some industrial standards and manufacturing tools, to the profit of overall quality.
